The last decade has been the decade of nanotechnology, a length scale which is of particular interest since it is here that we see the transition from the classical to the quantum world. In this transition to the quantum regime new phenomena appear that have proven valuable in a wide range of applications. This whitepaper focusses on the simplest nanotechnology, the spherical nanoparticles. These are particles with diameters between 1-100 nm and they fall into two categories, metal nanoparticles and semiconductor nanoparticles. The latter are more often referred to as quantum dots.
solution a red color. As the particles get larger, the absorption moves to higher wavelengths, and the reflected spectrum becomes more blue until finally the solution becomes clear as all visible light is reflected. In addition to optical properties, gold nanoparticles are useful for making electrical connections in nanoscale devices.
The last class of nanoparticles are the magnetic nanoparticles. Iron oxide is common with variations including cobalt and nickel and shells of non-magnetic materials to passivate surface states. These nanoparticles are interesting because in the 5-50 nm range they exhibit superparamagnetism. The nanoparticles in this state act like paramagnets but with an even larger magnetic susceptibility. Like all nanoparticles, the main uses to date are medical applications. There is also some work being done developing them for use in data storage disks, which of course, would benefit particle physics. The novel chemistry and magnetic properties may also make for interesting applications in particle physics.
Nanoparticles are being utilized in a wide variety of applications so it is logical that there would be applications to particle physics. The precision wavelength shifting that quantum dots provide has obvious application to particle detectors and is already being explored. Quantum-dot-based sensors show promise for future detector technology. Finally, the properties of gold and magnetic nanoparticles are fascinating, and though not as straightforward to apply, some more thought may lead to interesting applications in particle physics. In general nanotechnology is advancing rapidly, and harnessing some of this momentum may lead to great advances in the next generation of particle physics experiments.
